Introduction
Fertility problems are an important health issue, as 10-15% of couples have difficulties conceiving a child and seek specialist fertility care at least once during their reproductive lifetime (Evers, 2002) . The ability of a couple to procreate is determined by the chance of conception leading to a live birth per menstrual cycle given unprotected intercourse, fecundability in demographic terms, and is influenced by various male and female factors. The distribution of individual couple probabilities is extremely heterogeneous, varying from a zero chance (sterile couples, who never become pregnant) to an estimated upper limit of 60% per menstrual cycle for 'super fertile' couples who conceive in the first month (Bongaarts, 1975; Leridon and Spira, 1984) . Hence, the time it takes to become pregnant since actively trying to conceive, time to pregnancy (TTP), is a measure of couple fertility. TTP as outcome measure has been extensively used in epidemiological studies aiming to identify the effects of, for example, adverse lifestyle or changes in fertility over time (Baird et al., 1986; Joffe, 1997; Joffe et al., 2005; Bonde et al., 2006) .
Lifestyle factors related to postponement of motherhood (van Noord-Zaadstra et al., 1991; Joffe and Li, 1994) , smoking (Bolumar et al., 1996; Spinelli et al., 1997) and alcohol or caffeine intake (Bolumar et al., 1997) may interfere with the reproductive system (Wigle et al., 2008) . However, work-related and environmental risk factors may also reduce fertility (Axmon et al., 2006a) . Findings from contaminant residue analyses in human blood, follicular fluid and semen (Gerhard et al., 1999; Younglai et al., 2002) , together with reports of a purported decline in semen quality (Carlsen et al., 1992) , led to the hypothesis that chemical contaminants may negatively affect the reproductive process causing reduced fertility and adverse pregnancy outcomes in the general population. However, there is an ongoing debate about whether human fecundity is really declining in Western countries (te Velde et al., 2010) , and it is of great importance to establish whether environmental chemicals adversely affect human reproduction, so that preventive measures, if needed, could be taken. A number of reviews have reported on associations between exposure to specific chemicals or groups of chemicals and TTP, and support the notion that environmental exposures may be hazardous for human fertility (Sallmen, 2001; Jensen et al., 2006; Bretveld et al., 2007; Jurewicz et al., 2007; Roeleveld and Bretveld, 2008) . However, all of these reviews focused on the effects of, mainly male, exposure to one specific chemical or a group of chemicals on fertility or reproductive function rather than focusing on the broader spectrum of chemical exposure and their effects on TTP in both men and women.
From an obstetric point of view, chemicals that influence TTP may subsequently influence pregnancy and birth outcomes, either directly or indirectly. Several studies have shown that a prolonged TTP is associated with a greater risk of adverse pregnancy outcomes (Basso and Baird, 2003; Axmon and Hagmar, 2005; Raatikainen et al., 2010) . Exposure to chemicals during fetal development may increase the risk of adverse health consequences, including adverse birth outcomes, childhood morbidity and adult disease and mortality (Gluckman and Hanson, 2004; Stillerman et al., 2008) .
A comprehensive review of the literature concerning occupational exposure to chemicals in relation to TTP, supported by findings from animal studies, and observational studies on the influence of chemicals on other fertility outcomes such as semen quality, might improve the clinician's ability to counsel couples who are trying to conceive or women who have concerns about their pregnancy (Sadeu et al., 2010) . With this review, we aimed to summarize the evidence on occupational exposure to chemicals and TTP, and to describe exposure response relationships in order to determine hazardous levels of exposure for prolonged TTP.
Methods

Literature search
The first author (C.A.S.) conducted a systematic literature search on articles up to December 2010 in PubMed and Embase using the following key words: toxic actions, environmental pollution, chemical, hazard, accident, occupational exposure, occupation, occupational diseases, work, worker, workplace, vocation, job, employment, industry, business, profession, trade and enterprise. These keywords were combined with key words used for TTP: fertility, fecundity, fecundability, subfertility, infertility, infertile, time to pregnancy. In addition, a hand search was done to explore the references of articles retrieved. The complete search strategy is available on request.
Eligibility and selection
Articles were initially selected based on title and abstract according to the following inclusion criteria: (i) TTP was used as outcome measure in occupational or general populations, (ii) a quantitative description of measures of exposure to chemical agents at the workplace or a description of a distinct exposure pattern at the job level was presented, (iii) the associations Occupational chemical exposure and time to pregnancy between work-related exposure and TTP were expressed in a quantitative measure, such as odds ratio (OR), relative risk (RR) or fecundability ratio (FR) or sufficient raw data were presented to calculate such measures of association and (iv) the article was published in a peer-reviewed scientific journal written in the English, German, French or Dutch language.
The literature search identified 1412 articles in PubMed and 1304 articles in Embase, resulting in a total of 2017 unique articles. The initial selection on title and subsequently on abstract was done by the first author (C.A.S.) and verified by the last author (A.B.) and resulted in a selection of 147 articles (see Supplementary data S1). Subsequently, the second (E.V.) and last authors (A.B.) independently made a further selection based on abstracts which resulted in 85 relevant articles (overlap between both authors was 83%). The selected full articles were then judged by two authors (C.A.S. and A.B.) based on the above-mentioned inclusion and exclusion criteria. Six articles were excluded due to TTP not being used as an outcome measure. Five articles were excluded because they were reviews and one study was excluded because it was based on preliminary results. No distinct pattern of occupational exposure was present in 21 articles. One article was excluded because no quantitative measure of association was reported, a second article because it was published in Spanish and a third article because no full text was available. This resulted in a total of 49 relevant articles for this review.
Assessment of methodological quality
The quality of the epidemiological studies was assessed by two reviewers (C.A.S. and A.B.) using a standardized form based on seven items in a modified version of the guidelines for methodological quality assessment of the Dutch Cochrane Centre (2010):
(i) Research hypothesis: prior to the study, the researchers should have formulated a hypothesis setting out the relation between exposure to chemicals in a particular profession and the possible effects on TTP. (ii) Study population: the study groups should be clearly defined (exposed versus non-exposed), and at least age, sex and occupation should be described in detail. (iii) Selection bias: any attempt to detect selection bias requires that the study groups' inclusion and exclusion criteria be clearly defined. It is important that the response at baseline should exceed 50%. (iv) Exposure: exposure should be clearly defined. Details should also be provided of the instrument used to identify the determinant, and of when and under what circumstances this was done. This should be performed in the same way in each study group. Exposure assessment is done in the relevant time window (assessment during the TTP period). (v) Outcome: the outcome itself and the criteria used to determine the outcome should be sufficiently clearly defined to enable the work to be reproduced by other researchers. The outcome should be determined using a valid measurement method. The outcome should be blind for exposure status. (vi) Confounding: the analysis should be adjusted for confounders. (vii) General opinion: assessment of the study's validity and applicability.
Each criterion was rated when applicable, with a score of 1 being sufficiently met, a score of 0 being not sufficiently met, and a question mark when the information was lacking to rate this item. The total quality score ranged from 0 to 7. The influence of quality score on the reported measures of associations was evaluated.
Data extraction
The data extraction on selected articles comprised the study setting, study population, study design, outcome(s), exposure assessment, confounders or effect modifiers and effect estimates [with 95% confidence intervals (CIs)]. The data extraction for the study population included the following items: number of invited employees, eligibility criteria, participation, total number in the analyses and number lost to follow-up, if applicable. For characteristics of exposure, the definition of magnitude, frequency or duration of exposure as well as the prevalence of exposure was extracted. In addition, it was ascertained whether the study addressed only maternal occupational exposure, paternal occupational exposure or occupational exposure among both partners of the couple involved. Whenever possible, the measure of association was retrieved from the original article, together with the variables that were used for adjustment in the statistical analyses. If articles adjusted for relevant confounders and concluded that the confounders did not significantly influence the effect estimates, and therefore presented unadjusted estimates, the unadjusted estimates were presented in the tables and adjustment for confounders was summarized as 'no significant adjustments'. When the measure of association was not present, available raw data were used in a 2 × 2 table to calculate the OR and 95% CI as measure of association.
Data extraction was performed by one author according to a standardized format (C.A.S.) and extracted data were reviewed by the last author for consistency and completeness (A.B.). In case of doubt, data were discussed until agreement was reached.
Construction of plots
Supplementary data S2 presents a funnel plot to identify potential publication bias. Since most studies used FR as measure of association, the funnel was constructed for studies with an FR. When a job title was used as proxy for exposure, we used the FR for comparing TTP among workers in this job with workers in other jobs. When a direct measurement or comprehensive method of exposure assessment was used, we included the highest exposure category with the accompanying FR. Figure 1 provides an overview of the studies included in this review, where a division in male, female and couples studies was based on occupational exposure to chemicals, and estimates were sorted by occupations or jobs studied, groups of chemicals and specific chemicals, in order of specificity of the exposure. Risk estimates of individual studies were used to calculate pooled estimates when studies had comparable outcomes measures (FRs or ORs), and when studies were considered sufficiently comparable with respect to exposure parameters, which resulted in pooled estimates for studies using a standardized job title as proxy for exposure. We used the computer program epi-sheet to calculate pooled FRs, applying a fixed model assumption by default (Fleiss, 1993) .
Results
In total, 49 relevant articles were included in this review in accordance with the flow chart depicted in the Supplementary data S1. The studies were divided into three separate categories, based on occupational exposure to chemicals, namely studies concerning men, studies concerning women and studies addressing couples, and corresponding tables were constructed. Table I describe the core results of all occupational studies concerning men and is subdivided into four groups of chemicals: pesticides, heavy metals, (organic) solvents and miscellaneous chemicals. In a similar way, Table II presents all occupational studies concerning women, and Table III reports on studies concerning couples. The full version of Tables I-III is available in Supplementary data S3-S5. We also made a division into three types of exposure groups: (i) articles concerning a specific occupation, (ii) articles focusing on various groups of chemicals and (iii) articles reporting on a specific chemical. Figure 1 summarizes all studies that estimated a FR (37 out of 49 studies), and provides an overview by exposure status (maternal, paternal and parental occupational exposure to chemicals), gender and type of study. In the first group of studies, addressing a specific occupation in relation to TTP, 23 studies reported 28 FRs, of which 10 FRs (36%) were statistically significantly reduced. In the second group, addressing exposure to a group of chemicals, two studies reported a FR, and both showed no statistically significant association. Group 3 addressed exposure to one specific chemical and 13 studies reported 15 FRs, of which 6 (40%) were statistically significantly reduced. One study reported both exposure based on occupation and exposure to a specific chemical and was included in both groups. In all studies among men, 17 studies reported 20 FRs, of which 5 (25%) were statistically significantly reduced. In 16 studies among women, 16 FRs were reported, of which 7 (44%) were statistically significantly reduced.
We summarized all studies that used an OR to quantify the relation between chemicals exposure and TTP in Fig. 2 , using the same division as in Fig. 1 .
Occupations most studied in relation to fecundability were occupations with exposure to pesticides and heavy metals. Nearly all studies performed a cross-sectional analysis, either as part of a cross-sectional study design or as part of an analysis of the baseline within a cohort study. Various methods were used to assess occupational exposure to chemicals: 20 studies used a questionnaire, 10 studies interviewed participants, 1 study solely used direct measurements, 8 studies used both a questionnaire and direct measurements, while 10 studies used a combination of a questionnaire, expert judgement, an interview or (in)direct measurements.
Quality of evidence
Supplementary data S6 presents the methodological quality assessment of the studies included. The two reviewers initially agreed on 72% of the studies (307 out of 343 items); all initial disagreements were resolved in a consensus meeting. The quality scores ranged from 3 to 7. A crude measure of exposure and an unclear definition of assessment of TTP were the most prevalent shortcomings in quality. We observed that studies with a low quality score, namely a score of 3, less often reported statistically significant associations than high-quality studies with a score of 7, 25 and 50%, respectively. The median number of participants in the various studies was 541 (range: 40 -7079). Most of the studies focused on TTP as a continuous Figure 1 Associations between specific occupations (1), groups of chemicals (2) and specific chemicals (3) with TTP, expressed as a FR, stratified by paternal, maternal and parental exposure. (1) Specific occupations for which we took either the specific occupation or, if an exposure index was used, the highest exposure category, (2) groups of substances, (3) specific substances. 
Publication bias
The funnel plot in Supplementary data S2 clearly suggests publication bias, whereby smaller studies with a decreased FR were more likely to be published since almost no small studies published negative findings.
Occupational exposure to pesticides
In total, 13 studies addressed occupational exposure to pesticides in relation to TTP. Four studies were performed among women, and FRs ranged from 0.64 to 1.11 (Abell et al., 2000; Idrovo et al., 2005; Bretveld et al., 2006; Lauria et al., 2006) , while only two studies found statistically significant effects (Abell et al., 2000; Idrovo et al., 2005) . Six studies were performed among men, five with FRs ranging from 0.43 to 1.18 (de Cock et al., 1994; Larsen et al., 1998; Thonneau et al., 1999; Sallmen et al., 2003; Bretveld et al., 2008a) , and Petrelli and Figa-Talamanca (2001) presented ORs of a TTP of more than 6 months ranging between 1.6 and 2.4. Four of these studies found statistically significant effects (de Cock et al., 1994; Petrelli and Figa-Talamanca, 2001; Sallmen et al., 2003; Bretveld et al., 2008a) . Three studies addressed both women and men, with FRs ranging from 0.64 to 1.13 (Curtis et al., 1999; Harley et al., 2008) and ORs for a TTP of 12 months or longer ranging from 0.65 to 1.90 (Bretveld et al., 2008b) . Among these 13 studies, 7 studies used a job title as proxy for exposure (Larsen et al., 1998; Thonneau et al., 1999; Idrovo et al., 2005; Bretveld et al., 2006, 2008a and Lauria et al., 2006) , 2 studies used a more comprehensive method, such as an exposure index (de Cock et al., 1994; Petrelli and FigaTalamanca, 2001 ), 3 studies combined job title with another method of exposure assessment (Abell et al., 2000; Sallmen et al., 2003; Harley et al., 2008 ) and 1 study relied on self-reported exposure to pesticides (Curtis et al., 1999) . Eight studies with job title as proxy for exposure to pesticides reported a FR, as shown in Fig. 3 . The pooled estimates were FR 0.95 (95% CI 0.84 -1.08) for men and FR 0.89 (95% CI 0.82-0.97) for women. Figure 4 shows a forest plot summarizing female and male studies, using a more comprehensive method of exposure assessment, which reproduced an FR. These four studies showed most FRs as being statistically significantly reduced.
Occupational exposure to heavy metals
Nine studies reported exposure to heavy metals in relation to TTP, of which two studies were performed among women (Sallmen et al., 1995a; Wulff et al., 1999) , and seven studies were performed among men (Bonde, 1990 Sallmen et al., 2000; Joffe et al., 2003; Shiau et al., 2004; Greene et al., 2010) . In the two studies among women, the FRs ranged from 0.80 to 0.93 for lead exposure and from 0.82 to 0.91 for exposure to a mixture of metals. In men, four studies reported that lead exposure (measured as blood lead levels) reduced fecundability (Apostoli et al., 2000; Sallmen et al., 2000; Joffe et al., 2003; Shiau et al., 2004) , two studies observed increased risks of TTP longer than 12 months among welders and tannery workers (OR 2.02; 95% CI 1.02 -4.00, OR 2.8; 95% CI 0.9 -9.0, respectively; Bonde, 1990; Greene et al., 2010) and another study among welders found FRs ranging from 0.85 to 1.12 (Hjollund et al., 1998) . Figure 5 depicts the exposure-response relationship between different levels of blood lead values and FRs, showing a clear trend of increasing blood lead levels with decreasing FRs.
Occupational exposure to (organic) solvents
Nine studies addressed occupational exposure to (organic) solvents in relation to TTP. Four studies were conducted among women (Sallmen et FR, fecundability ratio; OR, odds ratio; FDR, fecundability density ratio; fOR, fecundability odds ratio; HR, hazard ratio; IDR, incidence density ratio. No sign adjustments: adjustments did not significantly influence the effect estimates, and therefore unadjusted estimates were presented.
FRs ranging from 0.44 to 1.09, for different solvents. Five studies were conducted among men (Eskenazi et al., 1991; Sallmen et al., 1998; Kolstad et al., 2000; Luderer et al., 2004; Hooiveld et al., 2006) , with FRs ranging from 0.52 to 1.09. Three of these studies performed indirect measurements, and found FRs ranging from 0.52 to 1.09 (Eskenazi et al., 1991; Sallmen et al., 1998; Kolstad et al., 2000) , and one study was based on interviews, with FRs raging from 0.65 -0.80 (Luderer et al., 2004) . A large study by Hooiveld et al. (2006) , combining questionnaires and indirect measurements, presented ORs around unity.
Occupational exposure to 'other' chemicals
In both women and men, several studies addressed occupational exposure to a mixture of chemicals or a specific chemical, most often in one specific occupation. In women, occupations investigated were dentists (Rowland et al., 1994; Dahl et al., 1999) (Zhu et al., 2005) , pharmacists (Schaumburg and Olsen, 1989) , health care workers, such as nurses and midwives (Ahlborg et al., 1996; Fransman et al., 2007) , and semiconductor manufacturing workers (Chen et al., 2002) . For dentists, hairdressers, midwives working with nitrous oxide, nurses working with antineoplastic drugs and semiconductor manufacturing workers, some indications were found for a prolonged TTP (Rowland et al., 1994; Ahlborg et al., 1996; Chen et al., 2002; Axmon et al., 2006b; Fransman et al., 2007) . In men, occupations studied were offshore mechanics, operators, drilling personnel, car mechanics (Bull et al., 1999) , anti-malaria campaign workers (Cocco et al., 2005) , mint workers (Figa-Talamanca et al., 2000) and workers in plants producing di(2-ethylhexyl)phthalate (DEHP) (Modigh et al., 2002) , while one study addressed various occupations (Ford et al., 2002) . In studies on couples, printing industry workers were studied (Plenge-Bonig and Karmaus, 1999), as well as occupations in industry with self-reported 
Occupational chemical exposure and time to pregnancy exposure to solvents and fumes (Spinelli et al., 1997) . In a case-control study on couples with or without infertility treatment, several occupations and work situations were studied (Rachootin and Olsen, 1983) of which several seemed to be risk factors for subfertility.
Discussion
From this review, we can conclude that there are strong indications that certain occupational exposures, such as pesticides and lead, adversely influence male and female fertility. These associations were primarily observed in studies with a detailed exposure assessment strategy, whereby different levels of exposure could be distinguished.
In studies with job title as proxy for exposure these findings could not be corroborated, since only moderate or non-statistically significant associations were reported in most. For other chemicals, such as exposure to (organic) solvents and specific occupations, the evidence of effects on TTP is less clear, hampering clear advice for couples who intend to become pregnant. Lack of exposure response associations, weak exposure assessments and the large heterogeneity in exposure characterization across studies were the primary limitations to the hypothesis that occupational chemical exposure adversely affects human reproduction. The evaluation of possible publication bias indicates that this is a serious threat, since smaller studies tended to get published more often when reporting a significantly longer TTP with occupational exposure to chemicals. Figure 2 Associations between specific occupations (1), groups of chemicals (2) and specific chemicals (3) with TTP, expressed as OR (TTP . 12 months), stratified by paternal, maternal and parental exposure. (1) Specific occupations for which we took either the specific occupation or, if an exposure index was used, the highest exposure category, (2) groups of substances, (3) specific substances.
TTP studies: weight of evidence and biological plausibility with regard to chemical exposure Couple fertility depends on complex biological processes such as the production of sperm and oocytes, the fertilization process, the implantation of the embryo, the transition from embryo to fetus and the growth of the fetus into a matured child. Although little is known about chemical agents interacting with these processes, exposure to chemicals may adversely affect this chain of reproductive events at any phase but the sensitivity may vary. With regard to female gametes, we speculate that oocytes may be most vulnerable to toxicants, chemotherapy or radiation during the fetal period when they are formed and multiply in both ovaries when a maximum number of some 7 million oocytes are created. Thereafter, oocytes are surrounded by a protective layer of granulosa cells and will remain inactive until adulthood, and eventually only a few oocytes will mature so that they can be fertilized to become embryos (te Velde and Pearson, 2002) . Damage to oocytes during fetal development may become manifest as reduced fertility. But also toxic exposure later in life, for instance through occupational exposure may induce cytotoxic harm to the oocytes and subsequently subfertility. Adult men produce millions of sperm cells every day, and we hypothesized that the rapidly dividing sperm producing epithelium of the testis may be vulnerable to chemical exposures, not only during the fetal period when it is established, but throughout life. This may result in suboptimal sperm DNA integrity and semen quality, and consequently, in reduced fertility (Delbes et al., 2010) . To our knowledge, it is currently unknown, whether occupational exposure to chemicals affects male or female reproduction equally, or whether males or females have a different susceptibility to chemicals.
Existing literature
Several reviews have summarized the literature regarding occupational exposure and fertility. However, to our knowledge, no previous reviews specifically focused on occupational chemical exposure and TTP as a measure of fertility. Until now, three have reviews assessed the influence of pesticides on male and/or female fertility (Bretveld et al., 2007; Jurewicz et al., 2007; Roeleveld and Bretveld, 2008) . They conclude that although the results of the studies are often equivocal, there are indications for an association between pesticide exposure and prolonged TTP. The majority of studies included in these reviews are also included in our study, but a few studies failed to fulfil our criteria, as they did not provide TTP but some other measure of fertility. Since we had several studies regarding pesticide exposure and TTP, we carried out a pooled analysis, combining effect estimates from studies that used job title as proxy for exposure. This meta-analysis showed no reduced FRs (see Fig. 3 ). However, several studies with a detailed exposure assessment strategy, Figure 3 Forest plot summarizing studies concerning male and female pesticide exposure (with job title as proxy for exposure) and fecundability.
Occupational chemical exposure and time to pregnancy characterized as an exposure index of (in)direct measurements, clearly suggest that pesticide exposure may increase the risk of a prolonged TTP (Fig. 4) . Thus, it seems that using a job title as proxy for pesticide exposure is not a sensitive enough measure for assessing exposure, since it will introduce non-differential misclassification and consequently bias of the measure of association towards unity. In addition, the assessment of exposure to pesticides was not able to pinpoint to the role of specific pesticides as often a cocktail of various pesticides was used in the occupational groups studied. Three reviews have summarized the literature on occupational exposure to lead and the evidence is quite consistent, showing that lead exposure reduces fertility and prolongs TTP (Rom, 1976; Apostoli et al., 1998; Sallmen, 2001) . From our review, we also conclude that there are strong indications that lead exposure prolongs TTP, since higher blood lead levels were often associated with a longer TTP.
We also identified some more generic reviews on occupation and reproductive function, not only focusing on chemical exposure, but also on other potentially harmful working conditions, such as physical load, and psychological stress. From these studies, it is clear that the number of substances potentially hazardous to male reproduction is large, but that for a few agents only, the evidence is unequivocal (Henderson et al., 1986; Jensen et al., 2006) . Figa-Talamanca et al. (2001) reported several associations between exposure to metals, solvents, and pesticides and male reproductive effects. These reviews present the picture that the reproductive function of males is vulnerable to many different environmental and occupational agents. However, only a few of these external agents have so far been identified with certainty, most often limited to men intoxicated by a specific chemical or among workers with high exposures. Several studies have identified alterations in fertility, but the results are difficult to replicate in other settings with different patterns of exposure.
Recall bias
Ascertainment of TTP requires only a few simple questions (such as: How many months did it take to become pregnant?). Refusal to answer these questions is rare, as this question is readily accepted in a wide range of cultures (Joffe, 2003) . Validation studies have shown that self-reports on TTP give an accurate representation of the true TTP distribution (Baird et al., 1991; Zielhuis et al., 1992; Joffe et al., 1993) , even with recall up to 20 years (Joffe et al., 1995) . Men can also provide valid information, generating the same distributions and analytical results as women in the same study population (Joffe and Li, 1994; Joffe, 2000) . Since most studies included in this review collected data on occupational characteristics, such as a job title, work activities or obtained direct measurements from workers, and did not rely on self-reported exposures, we think that recall bias would not be a major issue in the studies included in this systematic review. 
Exposure assessment
Exposure assessment, the study of the distribution and determinants of substances or factors affecting human health, is an important area in occupational epidemiology. Traditionally, exposure in the workplace tends to be higher than in the general environment whereas the duration of exposure is generally shorter. Quantification of the association between exposure and adverse human health effects requires the use of exposure estimates, which are valid, precise and biologically relevant for the critical exposure period, and show a range of exposure levels in the population under study (Nieuwenhuijsen, 2003) . In this review, most studies relied on exposure assessment through questionnaires, but also other techniques, such as expert judgement, direct measurements in body fluids or tissues, and comprehensive measures such as an integrated exposure index were used. This heterogeneity in exposure assessment made it impossible to perform a meta-analysis across all studies. However, we noticed that studies with direct measurements or comprehensive measures more often showed an association between exposure and TTP. This was also illustrated by the fact that studies with lower quality less often reported statistically significant findings compared with high-quality studies. An important reason for a lower quality was a poor characterization of exposure.
Use of expert judgements, for example through a job exposure matrix, is easier and cheaper than using direct measurements, and will resolve some of the problems encountered using self-assessment or a job title as proxy for exposure. Exposure assessment with a job exposure matrix is done independently from the health outcome and blinded to participants, both aspects that will avoid information bias. If sufficient information on work tasks and type of business is available, non-differential misclassification of exposure can be reduced. A more objective way to assess exposure is through measurements, which is generally expensive and time-consuming, especially in communitybased studies. This systematic review shows that improvements in exposure assessment in studies on occupational risk factors for TTP is urgently required, whereby a combination of different methods may be the way forward (Tielemans et al., 1999) . Whenever possible, studies should be designed to provide effect estimates for chemical mixtures and take into account the combined effects of chemicals (Kortenkamp and Faust, 2010) . Exposure timing also needs more consideration in future studies. Assessment of occupational exposure during the TTP period is essential, and possible changes in these periods must be addressed to prevent misclassification.
Background exposure to various chemicals through diet and environment may also occur. However, it is unlikely that background Figure 5 Forest plot summarizing studies concerning dose-response relations between blood lead levels and TTP.
Occupational chemical exposure and time to pregnancy exposure will contribute substantially to the exposure patterns in selected occupational populations (Nieuwenhuijsen, 2003) . In community-based studies, the high prevalence of background exposure will most likely not be associated with occupational exposure with a much lower prevalence. Thus, background exposure has probably not confounded the reported associations between occupational chemical exposure and TTP in this review.
Study design and confounding
A prospective study design has definite advantages, but since this is very time-consuming, retrospective studies on TTP are far more common. Most of the studies included in this review were crosssectional studies, and information on occupational exposures often was collected retrospectively. Therefore, interpretation of the results from these studies may be hampered by biases related to recruitment, treatment, accidental pregnancies, degree of planning and persistency of trying, social background, sexual behaviour, female age and non-response (Baird et al., 1986; Weinberg et al., 1994; Joffe et al., 2005) . In order to reduce various sources of bias, the analysis should focus on first pregnancies, as it will avoid pregnancy planning issues in which past-pregnancy experiences are taken into account (Olsen, 1994) . Only a few studies included in this review have provided a separate analysis on primigravidous couples, and thus, future studies should focus more on first pregnancies, since this will provide more valid effect estimates.
Confounding is a major concern within observational studies, since these pose a serious threat to the internal validity. We tried to address confounding and selection bias in the included studies by a comprehensive quality assessment based on the guidelines for quality assessment of the Dutch Cochrane Centre. Age, educational level, body mass index and smoking are factors associated with TTP, and these factors may act as confounders if they are also associated with chemical exposure at the workplace. Future studies need to adjust for age by default, since age will influence the reproductive abilities of both men and women. Furthermore, TTP is a measure of couples' fecundability, and if only men or women are studied, confounding by partner could occur. Therefore, studies should focus more on couples instead of only focusing on men or women.
Publication bias
We addressed publication bias with a funnel plot. Studies that report statistically significant associations are more likely to be published and this may bias reviews towards concluding that associations truly exist. It appeared that smaller studies more often showed lower FRs, thus a prolonged TTP, and it seemed that smaller studies reporting null effects were published less than what would be expected based on the funnel plot. We may conclude that the results of this review, to some extent, may suffer from publication bias. However, we must note that the smaller studies that more often showed an association with TTP also used more comprehensive methods or direct measurement for assessing exposure. Since these measurements are expensive, it is obvious that these studies have smaller sample sizes.
Limitations
This systematic review has several limitations. Although we searched through all the references of the articles selected, it cannot be ruled out that relevant publications have been missed. The second limitation is that the majority of studies found were of cross-sectional design and, as a consequence, causality cannot be established. Third, the large heterogeneity in the articles retrieved, made it impossible to perform a meta-analysis across all studies.
Conclusion
In total, 49 studies reported associations between occupational exposure to chemicals and TTP. On the basis of this systematic review, the evidence from studies regarding exposure to pesticides and lead is suggestive for adverse effects on human reproduction, in particular, a prolonged TTP. For other chemical exposures and specific occupations, the evidence is less clear, not justifying mandatory restrictions on occupational activities of couples who try to become pregnant.
In an effort to achieve more specificity and replication in this field, the next wave of studies investigating the effects of occupational chemical exposure on fertility should attempt to (i) evaluate the effects of specific individual chemicals, as well as mixtures, (ii) use biomonitoring methods to quantify the compounds in human fluids such as blood and urine, enabling dose-response studies, (iii) focus on couples, since TTP is a measure of couples' fecundability, specifically for occupational exposures to chemicals in the workplace among partners in order to provide more insight into the separate effects of maternal and paternal exposure on TTP and (iv) ensure adequate control for confounders. Further human studies are necessary to clarify both the effects of current occupational exposures on reproductive health and the physiologic mechanisms underlying these effects.
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